Summary. The effects of incubation time (15 min\p=n-\4h) 
Introduction
Mature bull, human and mouse spermatozoa synthesize protein at a significant rate in vitro (Premkumar & Bhargava, 1972;  Mujica, 1976; Bragg & Handel, 1979) . Experiments utilizing protein inhibitors indicated that these newly synthesized proteins are of mitochondrial origin. The in-vitro rate of sperm protein synthesis, however, seems to be greatly influenced by incubation conditions. Using a short incubation period, Busby, Hele & Chang (1974) failed to show authentic protein synthesis by rabbit spermatozoa. In addition, Bhargava (1957) and Bhargava, Bishop & Work (1959) found that the rate of amino acid incorporation into protein was low and stopped abruptly after 20 min in whole bovine semen, whereas in washed spermatozoa it continued at a constant rate for several hours. This latter observation was explained by an inhibitory effect of seminal plasma on sperm RNA and protein synthesis (Bhargava et al., 1959 ; Abraham & Bhargava, 1963b) that was thought to be due to the presence in bovine seminal plasma of large amounts of active ribonuclease (Abraham & Bhargava, 1963a; Premkumar & Bhargava, 1972) . Another point to consider is that the dilution of washed spermatozoa with the ionic components of the buffer (in contrast to the whole semen) could be associated with an increase in the intracellular that is met by greater consumption of glucose (Hoskins & Casillas, 1974; Cascieri, Amann & Hammerstedt, 1976 (Perry, 1960) . Only ejaculates with a volume in the normal range (about 1 ml), white in colour, opaque, pH of about 6-9, free of epithelial cells, and mass motility of not less than 4 (on a scale of 0 to 5) were used. Selected ejaculates were pooled within 30 min after collection and used in the subsequent experiments. Sperm concentration was determined on pooled semen samples with a haemocytometer as described by Herman & Madden (1953) .
Protein synthesis by washed spermatozoa. Semen samples from 4-6 rams were pooled after the initial examination. Spermatozoa were quickly separated from seminal plasma by centrifugation at 1000 £ for 5 min, and were washed twice in buffer containing 42 mM-KCl, 103 mM-NaCl, 5 mMMgS04.7H20, 10 µ-2 04 and 10 mM-Tris-HCl at pH 7-2 (Hoskins, Hall & Munsterman, 1975) . After washing, the spermatozoa were resuspended and diluted in the same buffer to which 100 µg penicillin-G/ml was added. Unless otherwise specified, the dilution ratio was 1:40 (original semen volume : final volume) and the buffer contained 22 mM-glucose. Thoroughly mixed sperm suspensions were divided into appropriate volumes, to which the desired concentrations of the tested compounds were added, and then distributed in the incubation tubes at 2 ml/tube.
[3H]Leucine (L-[3,4,5-3H(N) At the end of incubation, incorporation of [3H]leucine was terminated by adding 2 ml buffer containing 10 mM non-radioactive L-leucine to each tube and centrifuging at 1000¿» for 10 min. The sperm pellet was then resuspended in 10 mM-L-leucine buffer in a final volume of 0-6 ml and the radioactive proteins were solubilized according to the method of Hernández-Montes, Iglesias & Mujica (1973) . A freshly prepared solution of 9 mM dithiothreitol in 0-05 M Tris-buffer (pH 8-0) (0-2 ml) was mixed with the 0-6 ml sperm suspension and allowed to stand for 15 min. At the end of this period, 0-2 ml 30% (w/v) NaOH was added and the mixture was allowed to stand for an additional ether (2 :1, : ) and twice with absolute ether. Ether was evaporated leaving an odourless white powder. The dried TCA-precipitable proteins were dissolved in 3 ml 1 N-NaOH. One aliquot was used for radioactive measurements in methyl cellosolve scintillation solution (Trewava, 1967) , and duplicate aliquots were used for protein determination by the method of Lowry, Rosebrough, Farr & Randall (1951) (Hoskins et al., 1975) For the incubation variables presently studied the optimal conditions for the in-vitro protein synthesis by ram spermatozoa were reached during a 4-h incubation period at 37°C, and when washed spermatozoa were diluted to 1/40 with incubation buffer that contained 100 µg pencillin-G/ml and 22 mM-glucose. Means with different superscript letters differ significantly (P<0001). Bragg & Handel ( 1979) ; the differences in incubation conditions may explain the different results with rabbit spermatozoa. The present results, however, confirm previous observations on other species. Premkumar & Bhargava (1972) reported that protein synthesis in bull spermatozoa was inhibited by chloramphenicol but not by cycloheximide. Similar results were found for human (Mujica, 1976) and mouse (Bragg & Handel, 1979) spermatozoa. Premkumar & Bhargava (1972) also observed that protein synthesis by bull spermatozoa depends on continued RNA synthesis, and probably involves a short-lived messenger. Studies by Fuster, Farrell, Stern & Hecht ( 1977) and by Hecht & Williams ( 1978 also suggested that much of the RNA synthesis observed in bull spermatozoa is mitochondrial in origin.
Effect of inhibitors
In the present study, addition of seminal plasma to the incubation buffer markedly inhibited both protein synthesis (Table 3) (Bhargava et al., 1959 ; Abraham & Bhargava, 1963b) ; the inhibition was attributed to the presence of large amounts of active ribonuclease in seminal plasma (Abraham & Bhargava, 1963a; Premkumar & Bhargava, 1972) . A protein called seminalplasmin has been isolated from bovine seminal plasma and Reddy & Bhargava (1979) suggest that this is responsible for the inhibition of protein and RNA synthesis by spermatozoa.
Another possibility, which has not been discounted, is that free amino acids contained in seminal plasma (Setchell, Hinks, Voglmayr & Scott, 1967) might dilute the [3H]leucine specific activity and result in the appearance of inhibition of protein synthesis.
In conclusion, the results of the present study indicate that the mitochondria of ram spermatozoa synthesize protein during in-vitro incubation at 37°C. The degree of sperm dilution, concentration of exogenous glucose, and presence of seminal plasma markedly affect the rate of protein synthesis. The question of what physiological role these newly synthesized proteins play in spermatozoa remains to be answered. The possible involvement of endogenous cAMP with protein synthesis is being investigated.
